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in elucidating the mechanistic complexity of lncRNAs from an interdisci-
plinary evolutionary, cellular, and structural perspective, including by imaging
lncRNAs and their functionally-related proteins in 3D with biophysical and
structural biology methods. I will specifically report on how we are dissecting
the structural and functional properties of a lncRNA that stimulates the p53
pathway preventing tumorigenesis. This lncRNA adopts a well-defined struc-
tural core, dictated by tertiary interactions that are essential for p53 stimulation
and for inducing cell cycle arrest. Remarkably, we could recently visualize its
3D shape and topology for the first time by AFM and SAXS at �15 Å resolu-
tion. Our findings connect the 3D structure of a lncRNA to its biological func-
tion and open still-unexplored research perspectives to understand lncRNA
biology at high-resolution and to exploit their translational potential in RNA-
based therapies.
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The nucleus is a highly organized arrangement of RNA, DNA, and protein
molecules that are compartmentalized within three-dimensional (3D) struc-
tures involved in shared functional and regulatory processes. Although
RNA has long been proposed to play a global role in organizing nuclear
structure, exploring this role has remained a challenge because no existing
methods can simultaneously measure RNA and DNA contacts within 3D
structures. To address this, we developed RNA & DNA SPRITE (RD-
SPRITE) to comprehensively map the spatial organization of all RNAs rela-
tive to DNA. Using this approach, we identify hundreds of ncRNAs that
form high-concentration territories in spatial proximity to their transcrip-
tional loci and show that dozens of ncRNAs guide diffusible regulatory pro-
teins into these 3D structures. We show that many of these ncRNA-mediated
compartments act to regulate RNA processing, heterochromatin assembly,
and gene expression. Our results demonstrate a unique mechanism by which
ncRNAs act to shape nuclear structure by forming high concentration terri-
tories immediately upon transcription, binding to diffusible regulators, and
guiding them into spatial compartments to regulate a wide range of essential
nuclear functions. Moreover, we discuss how ncRNAs can drive amplifica-
tion of regulatory proteins in 3D space to enable robust control of gene
expression.

Platform: Protein Assemblies
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The enzyme phosphoribosyl pyrophosphate synthetase 1 (PRPS1) regulates
nucleotide biosynthesis, as it generates phosphoribosyl pyrophosphate, a pre-
cursor of both purine and pyrimidine nucleotides. Mutations in human
PRPS1 lead to a spectrum of human diseases associated with increased or
decreased activity. PRPS1 has long been known for form large, heterogeneous
oligomers in vitro. Recently, the protein was shown to assemble large, filamen-
tous structures in vertebrates and budding yeast, suggesting evolutionary con-
servation of these cellular structures. However, the molecular mechanisms and
functional consequences of PRPS polymerization are completely uncharacter-
ized. Here, we use cryo electron microscopy to show that human PRPS1 forms
ordered filaments and we show that enzyme activity is orders of magnitude
higher in the filament. The filament structure also suggests a mechanism for
enhanced activity in the filament, as assembly interactions serve to pre-order
a binding site for the allosteric activator phosphate. Strikingly, some human
disease mutations either enhance or decrease filament formation, causing
increased or decreased activity. The residues involved in filament formation
are conserved in multiple domains of life, indicating potentially deep evolu-
tionary conservation of PRPS filament architectures. We propose that filament
assembly in PRPS1 provides an additional layer of allosteric regulatory control,
with repercussions for nucleotide biosynthesis and cellular metabolic balance.
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53BP1 is a scaffold protein involved in Poly-ADP Ribose Polymerase inhibitor
(PARPi) hypersensitivity in BRCA1 negative cancers. 53BP1 foci accumulate
at DNA double strand breaks and protect them from end resection, favoring
nonhomologous end joining for repair. 53BP1 has an oligomerization domain
and two LC8 binding sites that are necessary for ideal focus formation. LC8
is a small dimeric protein that binds over 100 client proteins at intrinsically
disordered regions (IDRs), leading to their dimerization. Here we show that
53BP1 actually contains three LC8 binding sites, complicating earlier experi-
ments that abolish LC8 binding through mutation of the anchor region of the
binding sites. NMR titrations confirm the presence of three LC8 binding sites,
and suggest that the linker between sites 2 and 3 remains disordered. Addition-
ally, negative stain electron microscopy and multi-angle light scattering show
that the complex of LC8 and the 53BP1 LC8 binding domain (LBD) is hetero-
geneous, containing a significant proportion of complexes with either 3 or 4
LC8 dimers. This suggests that 53BP1 LBD binds LC8 in a heterogeneous
off-register state. DNA-damage induced 53BP1 foci have been shown to
have liquid-like properties. Exchange between in-register and off-register com-
plexes contribute to protein dynamics in these droplets, and that the nearby OD
could force the complex in-register. Interestingly, the OD of 53BP1 produces a
mass consistent with a trimer, suggesting that LC8 may bridge between trimeric
53BP1 subcomplexes in the larger overall assembly. We propose a model in
which 2 trimers of 53BP1 are bridged by 3 LC8 dimers in an on-register
conformation.
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Hepatitis B virus (HBV) is an enveloped virus with an icosahedral nucleo-
capsid. The constituent of the capsid is the Core protein, whose 149 N-terminal
residues (Cp149) can self-assemble in vivo but also in vitro into capsids con-
taining mainly 120 dimers. CpAMs (for Capsid Assembly Modulators), which
are new antiviral molecules currently in clinical trials, can disrupt HBV capsid
assembly. They can either lead to the formation of seemingly normal icosahe-
dral capsids (class I CpAMs, e.g., JNJ-632), or to the formation of aberrant
(larger and malformed) assemblies (class II CpAMs, e.g., BAY 41-4109).
We will introduce here our first results on the study of the disruption of the as-
sembly of Cp149 dimers into capsids by the modulators BAY 41-4109 and JNJ-
632. Our experimental approach is based on static light scattering kinetics,
time-resolved small-angle X-ray scattering and electron microscopy with re-
combinant Core protein. We confirm that with higher concentrations of BAY
41-4109, the resulting objects no longer have the morphology of a capsid.
We further show a dose-dependent increase in size, and that BAY 41-4109
can destabilize Cp149 capsids. In the presence of JNJ-632, the objects formed
do have the general size and shape of normal capsids as previously reported, but
clear and dose-dependent alterations in structure are discerned. We will present
our structural characterization of these effects of CpAMs and the first analyzes
of our kinetics data.
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antagonist enabled by synthetic antibody fragments reveal targeting
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The Gram-positive bacterium Clostridium perfringens (Cp) causes preva-
lent foodborne gastrointestinal disorders in humans and domesticated ani-
mals. An enterotoxin produced by Cp (CpE) triggers these disorders by
dissociating tight junctions, epithelial cell contacts that regulate molecular
permeation between intercellular spaces. Claudins are a family of �20 kDa
tetra-spanning integral membrane proteins that form the structural and
functional backbone of tight junctions and are the receptors for CpE, which
binds via its C-terminal domain (cCpE). Claudin assembly is antagonized
by cCpE binding, leading to dissociation of tight junctions and eventual
gut barrier breakdown. Because the basis of cCpE binding to claudins
that leads to antagonism of tight junction function were unclear, we aimed
to determine structures of these complexes. However, as small membrane
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